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A REFRACTORY MATERIAL RESISTANT TO THERMAL SHOCK: 
IMPREGNATED TANTALUM CARBIDE 

And& Hiver t  

ABSTRACT 

Evaluat ion of t h e  r e f r a c t o r y  p r o p e r t i e s  and r e s i s t a n c e  
t o  thermal  shock of s i n t e r e d  tantalum ca rb ide  impregnated 
w i t h  copper o r  s i l v e r  a t  high temperatures  are d iscussed .  
It w a s  found t h a t  t h e  processoof impregnation was i n h i b i t e d  
a t  tempera tures  of about 1100 C by a f i l m  of tantalum ox- 
i d e  but  t h a t ,  upon hea t ing  t o  1750° C, t h e  oxide f i l m  re- 
a c t e d  w i t h  t h e  carbon i n  the tantalum ca rb ide ,  t hus  making 
impregnation p r a c t i c a l ,  Various tes ts  ind ica t ed  t h a t  t he  
e f f e c t  of tantalum-carbide impregnation wi th  a metal  which 
i s  a good conductor of heat  r e s u l t s ' i n  g r e a t l y  improved 
r e s i s t a n c e  t o  thermal shock. 
down t h e  ra te  of ox ida t ion  i n  a i r  i t  d o e s n o t  e l i m i n a t e  i t  
e n t i r e l y ,  so t h a t  t h e  same r e s t r i c t i o n s  i n  regard  t o  ox- 
i d i z i n g  atmospheres apply a s  f o r  g raph i t e .  

While impregnation slows 

Summary 

Tantalum ca rb ide  i s  a n  u l p r a - r e f r a c t o r y  compound (mel t ing  po in t  - / 1* 
3,880° C) bu t  i t s  r e s i s t a n c e  t o  thermal shock i s  s imi l a r  t o  s i n t e r e d  a l u -  
mina. To e l i m i n a t e  t h i s  d e f e c t ,  t he  s o l u t i o n  i n v e s t i g a t e d  h c r e  coilsFsts of 
t h e  p r e p a r a t i o n  by s i n t e r i n g  of fragments of s table  p o r o s i t y ,  which a re  t h e n  
impregnated w i t h  a metal. 

The "na tura l"  s i n t e r i n g  process  of tan ta lum ca rb ide  w a s  i n v e s t i g a t e d  
w i t h  t h e  r e f r ac tomete r .  
cess w a s  noted.  Copper i s  a p a r t i c u l a r l y  convenient i n h i b i t o r  which makes 
i t  e a s i l y  p o s s i b l e  t o  o b t a i n  a product w i t h  an open and s t a b l e  po ros i ty  of 
20 t o  40 percen t .  

The inf luence  of minor a d d i t i o n s  i n h i b i t i n g  t h e  pro- 

Impregnation of t h e  specimens wi th  s i l v e r  o r  copper w a s  c a r r i e d  out  by 
two methods. It w a s  shown t h a t  t he  r e f r a c t o r y  s t r u c t u r e  was not  damaged 

*Numbers g iven  i n  margin i n d i c a t e  pagina t ion  i n  o r i g i n a l  f o r e i g n  tex t .  



NASA TT F-10,249 

a f t e r  t h i s  ope ra t ion .  
cermets have remarkable r e s i s t a n c e  t o  thermal shock. The i r  r a t e  of ox ida t ion  
i s  very much less than  t h a t  of dense tantalum carb ide .  The porous fragments 
show n o t a b l e  mechanical s t r e n g t h  up t o  a s  much as 3,200' C. Over the  e n t i r e  
temperature  range t h i s  c h a r a c t e r i s t i c  i s  g r e a t e r  t han  t h a t  of p o l y c r y s t a l l i n e  
g r a p h i t e  of i d e n t i c a l  po ros i ty .  

It a l s o  remains unchanged dur ing  u t i l i z a t i o n .  These new 

In t roduc t ion  

A s  t h e  demands on temperature  r e s i s t a n c e  of m a t e r i a l s  i n c r e a s e ,  now a p e r -  
manent tendency i n  such advanced technologies  a s  t h e  aerospace  f i e l d ,  t h e  range 
of choice  open t o  t h e  des igne r  becomes con t inua l ly  narrower.  Above 2000' C and 
where h igh  stresses a re  t o  be a n t i c i p a t e d ,  t h e r e  f r e q u e n t l y  i s  no longer  any 
choice  and t h e  only material a v a i l a b l e  i s  g raph i t e .  

Th i s  s i t u a t i o n  i s  ev iden t ly  such a cause f o r  concern t h a t  a t t e n t i o n  has  
been d i r e c t e d  f o r  some y e a r s  t o  r e f r a c t o r y  compounds s u i t a b l e  f o r  c l o s i n g  t h i s  
gap. Carbides  occupy a gredominant p o s i t i o n  among these .  S p e c i f i c a l l y ,  t an-  
talum ca rb ide ,wi th  3,880 C, t o g e t h e r  wi th  hafnium ca rb ide ,  ho lds  t h e  record  
f o r  me l t ing  po in t  of b inary  compounds, I t s  v a r i o u s  phys ica l  p r o p e r t i e s  have 
been i n v e s t i g a t e d  and measured ( r e f s .  1, 2 ,  3 ) .  Table 1 shows t h e  v a l u e s  /2 
g e n e r a l l y  accepted a t  p re sen t .  A b r i e f  look a t  t h e s e  f i g u r e s  i s  s u f f i c i e n t  t o  
i n d i c a t e  t h a t  t an ta lum ca rb ide  i s  extremely s e n s i t i v e  t o  thermal shock due t o  
t h e  combination of a h igh  modulus of e l a s t i c i t y  and low thermal  conduc t iv i ty .  

I f  w e  conside'r a l l  t h e  parameters involved i n  t h e  express ion  of stresses 
of thermal  o r i g i n ,  comparison' of t h e  c h a r a c t e r i s t i c s  of tantalum ca rb ide  and 
of alumina i s  p a r t i c u l a r l y  i n s t r u c t i v e .  

Table  2 shows t h a t  t h e r e  i s  a s t r i k i n g  s i m i l a r i t y  between the  two mate- 
r i a l s  from t h i s  po in t  of view. Alumina has  a s l i g h t  advantage i n  every o t h e r  
r e s p e c t  except  t h a t  of t h e  modulus of e l a s t i c i t y .  

On t h e  whole, i t  may be assumed t h a t  tantafum carb ide  w i l l  r e a c t  t o  t h e r -  
m a l  shock almost i d e n t i c a l l y  as  does alumina, a product  w i t h  p r a c t i c a l  l i m i t s  
today f a m i l i a r  t o  any r e sea rche r .  

The same l i m i t s  i n  p r a c t i c e  prevent t h e  use  of tantalum ca rb ide  f o r  such 
a p p l i c a t i o n s  as those  which g raph i t e  s a t i s f i e s  w i th  i t s  p r a c t i c a l  invulner -  
a b i l i t y  t o  thermal  shock due t o  i t s  s a t i s f a c t o r y  thermal  conduct iv i ty  (0.3 CGS) 

and i t s  excep t iona l ly  low Young's modulus (1000 kg/mm ). 
2 

_. - __ ~ - - - ~- 

Another d e f e c t  of tan ta lum ca rb ide  i s  i t s  o x i d a t i o n  r a t e  which i s  due t o  
t h e  h i g h  h e a t  of format ion  of tantalum oxide  (500 kcal/mole) and i t s  "powdery" 
c h a r a c t e r ,  permeable t o  this oxide,  which does not  p r o t e c t  t h e  under ly ing  zones 

(ref. 4 ) .  Oxidat ion of 1 cc of tantalum c a r b i d e  r e l e a s e s  38 as a g a i n s t  4 k c a l  
for  the same volume of g raph i t e .  I 
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TABLE 1. PROPERTIES OF TANTALUM C A l B I D E .  

Melting p o i n t ,  3,880' C 
Boi l ing  po in t ,  4,730 t o  4,830'. C . 
Heat of formation,  36.8  kcal /mole 
Density , 14.5 
R e s i s t i v i t y  , 25 a/ cm 
Rockwell A hardness ,  89 
Young modulus , 32,000 kglmm 
Poisson c o e f f i c i e n t ,  0.17 
Thermal conduct iv i ty ,  0.053 CGS 

D i l a t a t i o n  c o e f f i c i e n t ,  8 .7010  
T e n s i l e  s t r e n g t h ,  20-25 hbar 

-6 

TABLE 2 .  COMPARISON OF PARAMETERS INFLUENCING RESISTANCE TO THEILMAL SHOCK. 

Tens i l e  s t r e n g t h  i n  hbar  

Thermal d i f f u s i o n  i n  CGS 
Direct f u n c t i o n  Thermal conduct iv i ty  i n  CGS 

Ta C A 1  0 

25 30 
0.053 0.069 
0.67 0.82 

2 3  

I 

D i l a t a t i o n  c o e f f i c i e n t  8 . 2 '  6 .  8.10-6 
Inverse function Young's modulus i n  hbar  32,000 4 0  , 000 

This  r ap id  examination i n d i c a t e s  t h a t  t h e ' p r a c t i c a l  u s e  of Ldntalum car -  
b ide  i s  subord ina te  t o  p r i o r  c o r r e c t i o n  of t h e  two major d e f e c t s  of s ens i -  
t i v i t y  t o  thermal shock and ,o f  ox ida t ion  rate.  

The s o l u t i o n  i n v e s t i g a t e d  he re  c o n s i s t s  of impregnating the  poro'us f r a g -  
ments of r e f r a c t o r y  carb ide  wi th  a metal .  An improvement may be a n t i c i p a t e d  
due. t o  t h e  increase- -probably  very  appreciable--of  mechanical s t r e n g t h  i n  re- 
l a t i o n  t o  porous carb ide ,  t o g e t h e r  w i t h  an  i n c r e a s e  of thermal conduc t iv i ty .  

Rapid c a l c u l a t i o n  shows t h a t  t h i s  l a s t  parameter can be i nc reased  by a 
f a c t o r  of 6 by us ing  meta ls  which e r e  good hea t  conductors ,  such as copper o r  
s i lver ,  a t  a r a t i o  of 30 percent  vo l .  

On t h e  o t h e r  hand, i t  i s  q u i t e  ev iden t  t h a t  we must. accept  a c e r t a i n  re- 
d u c t i o n  i n  s t r e n g t h  of t h e  nonimpregnated g r a i n s  i n  r c l aL ion  tro t h e  dense ma- 
t e r ia l .  Never the less ,  the o v e r a l l  r e s u l t  should be p o s i t i v e .  

3 



Prepa ra t ion  of Porous Fragments S t a b l e  a t  High Temperature 

By i n t e r r u p t i n g  t h e  s i n t e r i n g  process ,  i t  i s  always p o s s i b l e  t o  main- 
t a i n  a g iven  po ros i ty .  However, the  temperature  of u t i l i z a t i o n  i n  p r a c t i c e  
must t hen  i n  no event  exceed the maximum s i n t e r i n g  tempera ture  without  re- 
s u l t i n g  i n  unaccpetable  con t r ac t ion .  
t h e  process  of s i n t e r i n g  tan ta lum carbide.  

/3 

It t h u s  becomes necessary  t o  i n v e s t i g a t e  

The  basic instrument of th i s  invcs~igation f a  (111 e lec t r i c  retra+tofu*tcf  
shown i n  f i g u r e  1. 

The t e s t  specimen i s  in t roduced  a t  one end of a g r a p h i t e  tube.  It i s  
f l u s h  a t  t h i s  end and a t  t h e  o t h e r  end i s  i n  con tac t  w i t h  a g r a p h i t e  rod 
which t r a n s m i t s  t h e  motion due t o  c o n t r a c t i o n  t o  a s l i d i n g  con tac t  moving 
a long  a w i r e  i n  which f lows a d c  cu r ren t  of a few mA. 

I 

A r eco rd ing  poten t iometer  i s  connected between t h e  s l i d i n g  con tac t  and 
one end of t h e  w i r e .  The sample i s  accu rn te ly  measured be fo re  and a f t e r  t h e  
experiment . 

I The r eco rd ing  a l lows  us t o  measure t h e  c o n t r a c t i o n  between t h e s e  two re-  
f e r e n c e  p o i n t s .  The advantages of t h e  device  a re  b o t h  t o  l i m i t  t h e  f r i c t i o n  
t o  t h a t  of a b l ade  on a w i r e  and t o  be s u i t a b l e  f o r  any d c s i r c d  a m p l i f i c a t i o n  
simply by changing t h e  cu r ren t  i n t e n s i t y .  

F i g u r e  2 r e p r e s e n t s  t h e  r e t r a c t o m e t r i c  diagram of a b a r ,  60 X 6 my produced 

by compaction under 1 ton/cm2 of commercially a v a i l a b l e  powdered tantalum c a r -  
b i d e  w i t h  a c l a s s i f i c a t i o n  between 1 and 3 p. It shou1.d bc remembered t h a t  t h e  
s i n t e r i n g  t h r e s h o l d  l i es  around 1,200” C and t h a t  t h e  p’rocess i s  te rmina ted  
around 2,000°, even though a p o r o s i t y  on t h e  o rde r  of 20 percent  s t i l l  sub- 
s i s t s  a t  t h i s  temperature .  

T i m e  , 

1000 

I 

F i g u r e  1. Elec t r ic  r e t r ac tomete r .  
F igu re  2 .  Retractoii ieter diagrams 
of s i n t e r e d  tantalum ca rb ide .  

4 



Figure  3 .  Microgram of tantalum- Figure  4 .  Microgram of tantalum- 
ca rb ide  fragment w i t h  s i n t e r i n g  
i n t e r r u p t e d  a t  1,700' C. 

c a rb ide  fragment w i t h  s i n t e r i n g  
i n t e r r u p t e d  a t  2,000' C. 

The cause which blocks con t r ac t ion  i s  demonstrated by f i g u r e s  3 and 4 ,  
which a r e  metallograms of specimens where s i n t e r i n g  was a r r e s t e d  a t  1,700 and 
a t  2,000° C res e c t i v e l y .  
s t a r t s  a t  1,700 C i n  c e r t a i n  zones.  The process  has comple t e ly -en te red  t h e  
fragment a t  2,000° C. The reduced development of t he  g r a i n  s u r f a c e s  i s  'suf- 
f i c i e n t  t o  lower d e n s i f i c a t i o n  k i n e t i c s  t o  a n e g l i g i b l e  l e v e l .  
crease t o  3,000' C y i e l d s  no measurable. dimensional modi f ica t ion :  

It w i l l  be seen  t h a t  a m a c r o c r y s t a l l i z a t i o n  process  g 

A l a t e r  i n -  

It fo l lows  that  a f r a g m e n t , s t a b l e  a t  h igh  tempera ture  w i l l  p r e se rve  t h e  
p o r o s i t y  e s t a b l i s h e d  a t  2,000° C. 
i n f l u e n c e  on t h i s  r e s i d u a l  p o r o s i t y  is  t h e  d e n s i t y  p r i o r  t o  S i n t e r i n g .  ' 

The parameter e x e r c i s i n g  t h e  predominant 

F i g u r e  5 shows t h i s  r e l a t i o n  g raph ica l ly  as a f u n c t i o n  of t h e  compacting 
p r e s  s u r  e. 

It w i l l  be  noted t h a t ,  i f  w e  d e s i r e  t o  a t t a i n  p r u s i t i e s  of 30 t o  40 per-  
cen t  which a re  va lues  probably r equ i r ed ,  r e l a t i v e l y  l o w  p re s su res  n u s t  be  used 
which w i l l  g ive  t h e  compacted product a poor bonding a b i l i t y .  

O n  t h e  o t h e r  hand, t h e  s t r o n g  curve p l o t t e d  i n  t h i s  zone suggeszs t h a t  

This induced us t o  i n v e s t i g a t e  t h e  a c t i o n  

& t h e  i n e v i t a b l y  unequal p re s su re  d i s t r i b u t i o n  w i l l  r e s u i t  i n  h igh ly  unequal 
d e n s i t y  of t h e  s i n t e r e d  product .  
of minor a d d i t i o n s  on t h e  s i n t e r i n g  process  i n  t h e  hope of f i n d i n g  a s u i t a b l e  
s o  l u t  i on .  

F i g u r e  6 r e p r e s e n t s  t h e  a c t i o n  of n i c k e l  a d d i t i o n s  i n  comparison wi th  
t h e  commercial ca rb ide .  
o t h e r  a u t h o r s  ( r e f .  5) i s  c l e a r l y  apparent not on ly  as a funcc ion  of t h e  con- 
c e n t r a t i o n  of t h e  ad junc t  bu t  a l s o  of t h e  manner of i nco rpora t ion  which pro-  
duces  a more o r  less s a t i s f a c t o r y  d i s t r i b u t i o n  ("ex-carbonyl," metal o x a l a t e ,  
n i t r a t e ) .  

The a c t i v a t i n g  e f f e c t  of n i c k e l  a l s o  r e p o r t e d  by 



% 
T h e o r e t i c a l  - . 
d e n s i t y  - Before s i n t e r i n g  

-- After s i n t e r i n g  

4 0 1 . 1  
q2.5 0.5 4 2 3 4 A.5 Vrnt 

Figure  5. Rela t ion  between compacting pres-  
s u r e  and dens i ty  of t an ta lum ca rb ide .  

'-=- Time (hrs )  4 
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a. TaC t r e a t e d  H C I  
b .  Pure TaC 
c .  0.6% N i  (Carbonyl) 
d. 0.6% N i  (Oxalate) 
e .  0.6% N i  (Nitrate) 4 

f .  6% N i  (Oxalate) 

D e n s i f i c a t i o n  
c o n t r a c t i o n  % 

i 
0 s 4- 

~ 

Figure  6 .  Retractometer  diagrams showing 
in f luence  of n i cke l  conten t .  

Washing w i t h  hydrochlor ic  a c i d  apprec i ab ly  r a i s e s  t h e  c a r b i d e ' s  s i n t e r -  
i n g  th re sho ld .  This  may be due t o  d isappearance  of t h e  t r a c e s  of f e r r o u s  
metals in t roduced  i n  t h e -  g r ind ing  opera t ion .  

The in f luence  of a l a r g e  number of o t h e r  minor a d d i t i o n s  (1 pe rcen t )  w a s  
checked w i t h  t h e  r e t r ac tomete r .  Like n i c k e l ,  o t h e r s  such as  c o b a l t ,  i r o n ,  
boron, boron ca rb ide  and beryl l ium ca rb ide  a l s o  e x e r c i s e  an  a c t i v a t i n g  e f f e c t .  

By c o n t r a s t  o t h e r s ,  inc luding  copper ,  s i l v e r ,  aluminum, manganese, colum- 

Among them, copper has  been 
bium, s i l i c o n ,  tan ta lum and thorium are i n h i b i t o r s ,  and thus  a r e  of p a r t i c u -  
lar  i n t e r e s t  s i n c e  they  act  i n  the d e s i r e d  sense.  
shown t o  be p a r t i c u l a r l y  convenient i n '  use.  
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Figure  7 .  Retractometer  diagram showing 
in f luence  .of a d d i t i o n  of copper. 

F i g u r e  7 shows comparative re t rac tograms of d i f f e r e n t  a d d i t i o n s  of copper.  
We v e r i f i e d  t h a t  t h e  i n h i b i t i n g  e f f e c t  , a l though very  marked, does not  i n t e r  - 
f e r e  w i t h  t h e  fundamental  mechanism of s i n t e r i n g .  It i s  a pu re ly  mechanical 
e f f e c t  due t o  t h e  h igh  d i l a t a t i o n  of t h e  copper p a r t i c l e s ,  which degrades t h e  
fragment dur ing  t h e  f i r s t  p a r t  of t h e  h e a t i n g  process  so t h a t  i t  becomes s i m i -  
l a r  t o  a product  on ly  l i g h t l y  compacted. This  i s  t h e  reason  why t h e  t e s t  
specimens p re - s in t e red  a t  l,OOOo C ,  conta in ing  2 percent  of copper ,  w i t h  sub-  
sequent  removal of their  copper by an a c i d  wash, always mani fes t  t h e  phenomenon 
of i n h i b i t i o n .  

L 

Figure  8 i n d i c a t e s  t h e  r e l a t i o n  a f t e r  s i n t e r i n g  a t  a coiupacting p res su re  

2 of 1 ton/cm , between t h e  copper content  and po ros i ty .  
s u f f i c i e n t l y  low so t h a t  t h e  optimum concen t r a t ion  corresponding t o  t h e  dc- 
s i r e d  po ros i ty  does not  become c r i t i c a l .  
t h e  u s e  of copper as a n  i n h i b i t o r  i s  t o  i n c r e a s e  t h e  propor t ion  of open po- 
r o s i t y  t o  t o t a l  po ros i ty .  

The c u r v e ' s  s l o p e  i s  

Another advantage r e s u l t i n g  from 

The mechanical p r o p e r t i e s  of t h e  v a r i o u s  g r a i n s  can thus  be obta ined  a s  
Resistailce t o  bending f r a c -  a n  i n v e r s e  func t ion  of t h e i r  poros i ty  ( f i g .  9 ) .  

t u r e  drops from 15 t o  5 hbar  when poros i ty  i n c r e a s e s  froIil20 t o  40 percent .  

The preceding i n d i c a t e s  t h a t  use  of a n  i n h i b i t o r  of s u i t a b l e  n a t u r e  /5 and concen t r a t ion  makes i t  poss ib l e  t o  convenient ly  prepare  tantlalum ca rb ide  
f ragments  w i t h  a g iven  p o r o s i t y , s t a b l e  a t  ve ry  h igh  temperatures  and wi th  
known mechanical s t r e n g t h  when cold. They a r e  now ready f o r  impregnation. 

, Impr egna t i o n  

The choice  of t h e  impregnating metal  i s  l imi t ed  by two impera t ive  re -  
qu i rements  and determined by a few d e s i r a b l e  c h a r a c t e r i s t i c s .  The f i r s t  re- 
quirement  e l i m i n a t e s  any a f f i n i t y  f o r  carbon so a s  not  t o  d i s t u r b  t h e  s t o i -  
chiometry of t h e s t a n t a l u m  carb ide  which i s  t h e  guarantee  of i t s  r e f r a c t o r y  

? 
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Figure  8. In f luence  of copper conten t  on d e n s i t y  a f t e r  
2,500' C s i n t e r i n g  of tantalum ca rb ide  a t  a p re s su re  of 

1 ton/crn 2 ; t a b l e t  diameter  = 19 mm. 

hbar 

I 
0 Y) 2s 30 .M Poros i ty  X 

Figure  9. Inf luence  of p o r o s i t y  on rup tu re  s t r e n g t h  under 
bending tes ts  of tantulum ca rb ide  s i n t e r e d  a t  2,500' C. 

c h a r a c t e r .  I n  t h i s  sense ,  t h e  e l e c t r o p o s i t i v e  c h a r a c t e r  of the me ta l s  i s  a. 
c r i t e r i o n  f o r  i n i t i a l  s e l e c t i o n .  The second requirement imposes a s u f f i -  
c i e n t l y  h igh  "bo i l ing  temperature" so a s  t o  preserve  the  f avorab le  cha rac t e r -  
i s t i c s  of t h e  metal as long a s  poss ib l e  o r  a t  least  u n t i l  r educ t ion  of t h e  
thermal  f low of (processing)  hea t  t o  a l e v e l  compatible wi th  t h e  i n h e r e n t  re- 
s i s t a n c e  of t h e  g ra in .  

8 



Group 
Oxidation p o t e n t i a l  i n  re- Boi l ing  t e m -  
l a t i o n  to hydrogen ( v o l t )  E 1 emen t p e r a t u r e  (" C) 

3b 
. 4 b  
, l b  

l b  
l b  . 
8 
8 
8 

Table 3 shows t h e  meta ls  which were s e l e c t e d  by v i r t u e  of t h e s e  two i m -  
p e r a t i v e  requirements.  We see  t h a t  w i th  t h e  except ion  of t i n  and indium, 
which are moreover l e s s  favorably placed, they a r e  a l l  loca ted  a t  t h e  end of 

, the series of t r a n s i t i o n  elements. The a d d i t i o n a l  c h a r a c t e r i s t i c s  d e s i r e d  
a r e :  (a) s a t i s f a c t o r y  thermal conduct iv i ty ;  (b) s a t i s f a c t o r y  thermal d i f -  

I f u s i o n  power; and (c) reasonable  cos t .  From t h i s  po in t  of view, copper and 
I s i l v e r  merit p a r t i c u l a r  a t t e n t i o n .  
I 
I 

The f i r s t  impregnation tests c a r r i e d  out  w i th  these  meta ls  cons i s t ed  of 
l i q u e f y i n g  them a t  1,110 C i n  contact  w i th  porous f,ragments of tantalum ca r -  

b ide  i n  a furnace  maintained a t  a vacuum of 10 mm Hg. Under these  condi t ions,  
i f  w e t t i n g  occurs ,  c a p i l l a r y  i n h i b i t i o n  should occur.  The r e s u l t s  were very  
d i sappo in t ing .  Not only was t h e r e  no impregnation but  not  even any adhesion 
between the  metal and t h e  fragment. 
t h e  high hea t  of format ion .of  t h e  tantalum oxide,which makes t h e  presence of 
an  oxide f i l m  over  t h e  e n t i r e  f r e e  su r face  of t h e  porous g r a i n  fragment un- 
avoidable .  

i 

-5 

The cause of t h e  f a i l u r e  probably lay i n  

Indium +O .34 2000 
Tin ' H . 1 3  22 70 
Copper -0.337 2336 
S i l v e r  -0.79 1950 
Gold -1.50 2600 
Pa 1 ladium -0.98 2200 
Rhodium -0.8 2500 
P la t inum -1.2 4300 

I n  regard t o  we t t ing ,  t h i s  f i lm  s u b s t i t u t e s  i t s  own c h a r a c t e r i s t i c s  /6 
ONERA solved t h i s  prob- 

However, i t  should be pointed out  that 

f o r  those  of t h e  carb ide .  This i s  t h e  d e f e c t  which iompl i ca t e s  braz ing  of 
r e f r a c t o r y  o r  i nox id izab le  a l l o y s  conta in ing  chrpme. 
l e m  i n  the  pas t  by e x p l o i t i n g  the  s t rong ly  deoxid iz ing  a c t i o n  of s a t u r a t e d  
hydrogen-hal ide atmospheres ( r e f .  6) .  
a t t empt s  a t  b raz ing  tantalum were unsuccessfu l  due t o  t h e  aggres s ive  a c t i o n  
of such atmospheres on t h i s '  metal. 

I n  s p i t e  of t h i s  unfavorable precedent ,  i t  w a s  reasonable  t o  assume 
t h a t  t h e  ca rb ide  would have a much lower r e a c t i v i t y  than t h e  f r e e  metal .  
Experimentat ion has  confirmed these viewpoints .  The fragments a r e  not  a t -  
t acked ,  provided t h a t  any l o s s  of carbon i s  c a r e f u l l y  avoided by in t roduc-  
i n g  in to  t h e  r e a c t i o n  v e s s e l s  g raph i t e  granules  o r  carbon s h e e t s .  The oxide  
f i l m s  are t h e n  very  quick ly  destroyed so t h a t  t o t a l  impregnation of small 
pieces by such metals as copper,  s i lver ,  gold,  t i n  o r  indium could be e f f e c -  
t e d  under remarkably quick and simple condi t ione .  

9 
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Figure  10. Example of impregnatink; t l c fcc t .  

Unfo r tuna te ly ,  when w e  a t t empt  to impregnate l a rgc  p ieccs ,  the a s t o n i s h -  
i n g  d e o x i d i z i n g  p r o p e r t i e s  of t h e  halogenated atmospheres i n h i b i t  t h e  p rocess .  
By r a p i d l y  "cleaning" t h e  p e r i p h e r a l  zones,  t he  l a t t e r  become impregnated and 
thus  i n s u l a t e  t h e  c e n t e r  of t h e  fragments. The fragmeni chcn no longer  has  a 
chance, r e g a r d l e s s  of exposure t i m e ,  t o  have i t s  oxide reiliovecl and become 
impregnated. Th i s  s i t u a t i o n  i s  most u n f o r t u n a t e  s i n c e ,  du r ing  coo l ing ,  f r a c -  
t u r e  i s  unavoidable  due t o  t h e  m e t a l ' s  c o n t r a c t i o n  stre:;scbs. 
t r a t e s  a d e f e c t  of t h i s  type.  

F igu re  10 i l l u s -  

With t h e s e  d i f f i c u l t i e s ,  impregnation experiments untlci- vacuum w e r e  r e -  
sumed, bu t  by apprec i ab ly  i n c r e a s i n g  t h e  temperature .  Unilcr t h e s e  c o n d i t i o n s ,  
t h e  ox ide  f i l m s  a re  destroyed by s l o w  r e a c t i o n  w i t h  t h e  tdntalum c a r b i d e  i t -  
s e l f  a t  t h e  pr ice  of a ve ry  small' carbon l o s s  i n  t h e  l a t t e r .  It should be 
noted t h a t  t h e  deox ida t ion  process  d o e s  no t  a c t  p r e f e r e n t i a l l y  0 1 1  the  p e r i p h s r -  
a 1  zones s i n c e  i t  does no t  i nvo lve  a r educ ing  agent  introduccxl from t h e  e x t e r i -  
o r .  

With t h i s  method, i t  was poss ib l e  t o  impregnaLe specinlens 50 mm i n  d i m e -  

C. App l i ca t ion  of t h e  p rocess  
t e r  and 50 mm high t o  100 percent  by copper o r  s i l v e r , u n d c r  exposures  of 3-4 
hours  and temperatures  between 1,250 and 1,325 
on a l a r g e r  s c a l e  should ra ise  no s e r i o u s  d i f f i c u l t i e s .  

0 

V e r i f i c a t i o n  of t h e  Continued Existence of t h e  Tantalum-Carbide S t r u c t u r e  

The r e s e a r c h e r ' s  f i r s t  concern i s  toward t h e  p o s s i b l e  d;Lmage which t h e  Y G -  
f r a c t o r y  fragment may have' s u f f e r e d  under impregnation. 
t h e  e f f e c t  of e i t h e r  t h e  breaking of t h e  bond between p a r r i c l e s  due t o  a 
c e r t a i n  s o l u b i l i t y  of t h e  c a r b i d e  i n  t h e  me ta l ,  o r  m i c r o f r a c t u r e s  due t o  

S u d i  dai.i;lge could be 

10 
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Figure  11. Tens i le  s t r e n g t h  of tantalum carb ide  
impregnated w i t h  copper ( 3 0  percen t -vo l ) .  

stresses generated dur ing  cool ing  by t h e  c o n t r a c t i o n  of t.hc metal  i n  t h e  s o l i d  
s t a t e . T h e  c o e f f i c i e n t  of d i l a t a t i o n  of t h e  l a t t e r  i s  approximately twice t h a t  
of tan ta lum carb ide .  

H e  i s  immediately reassured  by the  observa t ion  t h a t  bending-test  spec i -  /7 
mens impregnated and subsequent ly  s t r ipped  of t h e  m e t a l  by chemical a c t i o n  show 
t h e  same breaking s t r e n g t h  a s  before  impregnat ion.  T e n s i l e - s t r e n g t h  tes ts  s a t -  
i s f a c t o r i l y  confirm t h i s  i n i t i a l  f ind ing .  F igure  11 g ives  t h e  curve of break- 
i n g  s t r e n g t h  as a func t ion  of t he  temperature of small  t o r i c  specimens of tan-  
ta lum c a r b i d e  w i t h  30 percent  poros i ty  impregnated by copper. 
i n h e r e n t  s t r e n g t h  of t h e  fragment when cold i s  m u l t i p l i e d  by a f a c t o r  of 10. 
Beyond t h e  me l t ing  po in t  of copper we ,€ ind  t h i s  s t r e n g t h  i n  t h e  same degree.  

We f i n d  t h a t  -the 

I n  t h e  i n t e r v a l ,  i t  should be noted t h a t  t h e  metal  c o n t r i b u t e s  apprec i ab ly  
t o  t h e  s o l i d i t y  of t h e  s t r u c t u r e ,  even i n  a temperature  zone where t h e  metal  
i t s e l f  has  no longer  any measurable mechanical proper ty  ( r e f .  7 ) .  This  phe- 
nomenon can be a t t r i b u t e d  t o  t h e  inf luence  of t he  v i s c o u s - f r i c t i o n  f o r c e s  
o r i g i n a t i n g  i n  t h e  metal l ic  phase. This  po in t  of view i s  cor robora ted  by t h e  
obse rva t ion  of a r ise  i n  breaking s t r e n g t h  when t h e  tes t  load i s  app l i ed  more 
r a p i d l y .  

F igu re  12 shows t h e  r e su l t s  obtained on t h e  same type of specimens i m -  
pregnated w i t h  s i l v e r .  The same remarks apply t o  t h i s  curve a s  t he  one above. 
Together  they permit  t h e  conclusion t h a t  t h e  impregnation process  leaves  t h e  
c a r b i d e  s t r u c t u r e  undamaged. I n  u s e ,  however, t h e  material w i l l  be sub jec t ed  
t o  much h ighe r  temperatures  than those  r equ i r ed  f o r  impregnation. The mani- 
f e s t a t i o n  of a c e r t a i n  s o l u b i l i t y  of t h e  tantalum carb ide  i n  copper would have 
c a t a s t r o p h i c  r e s u l t s  due t o  i t s  d e s t r u c t i v e  e f f e c t s  on thc g r a i n  i n t e r s t i c e s .  

I n v e s t i g a t i o n  of t h i s  poss ib l e  s o l u b i l i t y  w a s  necessary.  The means se- 
l e c t e d  r e l a t e  t o  t h e  examination of i n t e r f a c e s  between ca rb ide  and meta l  a f t e r  
prolonged exposure t o  d i f f e r e n t  temperatures .  They inc lude  micrography, micro-  
ha rdness  t e s t ,  and microanalysis  w i t h  t h e  e l e c t r o n i c  probe. I n  o r d e r  t o  have 
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Figure 12. Tensile strength of tantalum carbide 
impregnated by silver (30 percent-vol). 

available sufficiently large and sharp interfaces representing two very dis- 
tinct domains, the investigation was carried out on dense tantalum-carbide tab- 
lets. The preparation of the tablets required the use of pressure-sintering 
which is the only means of achieving density (ref. 8). Figure 13 gives some 
data on this operation and specifically shows the  contraction observed as a 
function of time and consequently of temperature. Contraction starts at 
1,200° C, is very rapid up to 1,800° C, and subsequently slows down to become 

Height 
(mm) Sintering load (kg) 

T ime (min) 
Figure 13. Pressure-sintering of tantalum carbide, 
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Density 

- 
Figure 14. Comparison of two methods 
of sintering tantalum carbide. 

negligible after 2,000° C although there still remains a "closed" porosity on 
the order of 5 percent. 

The retractometer curves of standard and pressure sintering are not 
directly comparable since contraction takes place in three directions in one 
and in only one direction in the other case. 
transposed by calculation as a function of density. Figure 14 shows the result 
of this operation. 
zone is very nearly identical for the two processes. 
amplifies the standard process but does not seem to involve the usual funda- 
mental mechanism of plastic deformation. 

/8 
Before comparison, they must be 

We are surprised to note that the accelerated sintering 
Pressure sintering only 

Figure 15 clearly illustrates this point of view. The rise in tempera- 
ture was controlled to prolong exposure duration of the tablet in the zone 
favorable for sintering. The residual porositg of 4.2 percent is attained at 
about 1,750' C. 
does not bring about any additional contraction and, instead, an apparent ex- 
pansion due to the dilatation of the testing assembly. 
tests, this was the first indication of an exceptional resistance to plastic 
deformation of the tantalum carbide, apparently at least equivalent to that 
of the graphite constituting the testing assembly. Tablets so ohtained were 
placed in contact with 5g silver or copper and raised to different tempera- 
tures for one hour in a purified-argon atmosphere. 

A subsequent rise up to 2,300 C under a pressure of 7 hbar 

During the experimental 

Figure 16 shows the metallographic aspect of the interface between tan- 
talum carbide and copper after heating to 1,800° C. 
inclusions of high hardness which suggest dissolved and then precipitated tan- 
talum carbide. 

The copper phase shows 

After heating to 2,000' C, theiilclusions begin to form nuclei 
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F igu re  15. Pressure  s i n t e r i n g  of tan ta lum 
ca rb ide  w i t h  temperature  curve added. 

F i g u r e  16 .  Microgram of tan ta lum carb ide-  
copper i n t e r f a c e  a f t e r  1 hour a t  1,800° C. 

( f i g .  ).  A t  2 ,  .. 0 00 C y  t h e  nu,cleus occupies  t h e  e n t i r e  i n c - a s i o n  an  .ts 
h a r d n e s s  and r e a c t i o n  t o  p o l a r i z e d  l i g h t  j u s t i f y  t h e  comparison w i t h  g r a p h i t e  
( f i g .  18 ) .  
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Figure  17 .  Microgram of i n c l u s i o n  i n  t h e  
copper phase a f t e r  1 hour a t  2,000’ C. 

1’ 
I f  

C .  
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P *  

Figure  18. Microgram of inclLsLon i n  cop- 
p e r  phase a f t e r  1 hour a t  2Ji?O0 C. 

E l e c t r o n i c  microprobe a n a l y s i s  of p r e c i p i t a t e s  ob ta ined  a t  1,800° C has  
made i t  p o s s i b l e  t o  i d e n t i f y  t h e  ca t ion  of t h e s e  c a r b i d e  p r e c i p i t a t e s .  This  i s  
n o t  t an ta lum bu t  chromium, an  impurity in t roduced  v e r y  l i k e l y  i n  t h e  process  of 
p u l v e r i z a t i o n .  Examination of the two domains does not  show any l i n e  of tan ta lum 
i n  t h e  copper o r  any l i n e  of copper i n  t h e  tan ta lum ca rb ide .  
p e r p e n d i c u l a r  t o  t h e  i n t e r f a c e  d i d  no t  r evea l  any interniediace zone. 

Moreover, scanning 

15 
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Under the experimental conditions, the solubility of tantalum carbide in 
copper appears to be zero or, in any event, is limited to a depth very much 
less than lp. The same experiments were repeated oncombinations of tantalum 
carbide and silver. Metallographic examination does not indicate the presence 
of any inclusions in this case. 

However, a certain heterogeneity of the metal phase is shown by the / 9  
Figure 19 is a curve of statistical distribution of the ,hardF microhardness. 

ness figures. Its asymmetry indicates a tendency toward t h e  formation of a 
biphase system. However, the microprobe confirms that this second phase does 
not contain any tantalum carbide. 

The tantalum lines are strictly absent in the silves. No intermediate 
phase was shown by scanning the interface. We must here again conclude on the 
insolubility of the tantalum carbide in the metal., at least within the in- 
strument sensitivity limits, about 100 ppm. This investigation furnishes 
proof that the refractory fragment undamaged afte; impregnation will not be 
damaged during use. 

Improvement Through Impregnation 

a) Resistance to Thermal Shock 

An electron-bombardment furnace was utilized to evaluate this important 
characteristic. Tantalum-carbide tablets of different porosity with a dia- 
meter of 90 mm and a height of 10 mm and impregnated with copper or silver 
were subjected to an electron beam focussed to accurately covcr the surface 
of the specimen. 

hardness 

0 3  c3 ';?a $53. < i o  \, 

4 \ 

Figure 19. Statistical distribution of microliard- 
ness measurements in the silver phase of coinbined 
tantalum carbide-silver after 1 hour at 1,000'' C .  
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Figure  19a. In f luence  of impregnation w i t h  s i l v c r  
on thermal-shock r e s i s t a n c e  of porous tantalum- 
ca rb ide  fragments . 

By c o n t r o l l i n g  t h e  h igh  vo l t age  o r  t h e  tempera ture  of t h e  emi t t e r  f i l a m e n t ,  
t h e  o v e r a l l  energy of t h e  beam i s  maintained a t  t h e  desir t id  lctvel. The energy 
adjustment  i s  made f o r  copper i n  the  cold s t a t e .  Then, tlie specimen i s  putl i n -  
t o  p o s i t i o n ,  t h e  e l e c t r o n  flow i s  r e l eased  in s t an taneous ly ,  arid i s  maintained 
f o r  10 sec. Beyond t h i s  i n t e r v a l ,  t he  t e s t  would no longt!r have any s i g n i f i -  
cance due t o  r ap id  v o l a t i l i z i n g  of t he  meta l ,  which i s  c? consequence of t h e  h igh  
vacuum i n  t h e  appara tus .  iiowever, i t  should be noted that. t hc  f i r s t  seconds 
a r e  t h e  most c r i t i c a l  from t h e  point  of view of therm,il shock. 

Subsequently,  t h e  t a b l e t s  a re  examined by means of a l i q b a t i o n  method i n  
o r d e r  t o  d e t e c t  any p o s s i b l e  f i s s u r e s .  The f i n d i n g s  a r e  summarized i n  t a b l e  4 
and f i g u r e  19. The in f luence  of impregnation w i t h  a metal  of s a t i s f a c t o r y  con- 
d u c t i v i t y  appears  d e c i s i v e ,  even impressive,  and r a d i c a l l y  modif ies  t h e  c h a r a c t e r  
of t h e  material. 

b) Res is tance  t o  Oxidat ion 

F igu re  20 shows a comparison of t h e  thermogravimetr ic  curves  f o r  o x i d a t i o n  
i n  a i r  of t h e  d i f f e r e n t  specimens, e . g . ,  of dense tantaluin ca rb ide  and of 30 
percen t  porous fragments impregnated w i t h  d i f f e r e n t  metal.;. 

It w i l l  be noted t h a t  impregnation apprec iab ly  dimini slics the ra te  of oxi-  
d a t i o n  i n  a i r  wi thout  completely e i imina t ing  i t .  This  indicates t h a t  a mater- 
i a l  of t h i s  type  can be used i n  an ox id iz ing  atmosphere only f o r  r e l a t i v e l y  
s h o r t  per iods .  This  r e s t r i c t i o n  i s  a l s o  a p p l i c a b l e  t o  i:r,tphit:e. 
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Oxygen fixation as a function of 

Mechanical Properties at High Temperature of Porous Fragments 

It was demonstrated that the porous fragment is not damaged either by /10 
impregnation or use below the metal boiling temperature. 
with the instant when the metal melts, only the tantalum-carbide fragment pro- 
vides the resistance of the material. It is therefore absolutely necessary to 
know its mechanical properties at high temperature. 
is almost completely silent in this respect. The only indication was found in 

However, beginning 

The pertinent literature 
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r e f e rence  3 ,  which s ta tes  succ inc t ly  "creep becomes very  h igh  beyond 2,200' C."  
To ga the r  more informat ion ,  i t  was decided t o  ca r ry  out  t e n s i l e  s t r e n g t h  t es t s  
on t o r i c  specimens of nonimpregnated porous tan ta lum carb ide .  ' 

The b a s i c  instrument  of t h i s  i n v e s t i g a t i o n  i s  a t e n s i l e  t e s t  device ,  de- 
s igned and cons t ruc t ed  a t  ONERA, which has c e r t a i n  p a r t i c u l a r l y  va luab le  ad- 
vantages  ( r e f .  9) 

a) an airtight housing for introducing a proeceL-ive 1;"s such a s  argon;  

b) p o s s i b i l i t y  of au tomat i ca l ly  conducting load o r  e longa t ion  t e s t  
schedules ;  

c) an extensometer w i t h  l a rge  ampl i f i ca t ion  i n  d i r e c t  contac t  w i th  the  
beads of t h e  specimen and not  i n  contact  w i t h  t h e  c1,amping device ;  

d )  a device  f o r  mounting b r i t t l e  specimens wi thout  Lhe rislc o f ' b r e a k a g e ;  

e) h e a t i n g  by means of t h e  Jou le  e f f e c t  w i th  continuous and extremely 
s e n s i t i v e  vol tage.  adjustment  providing flow of c u r r e n t s  t u  1000 A and f u r -  
n i s h i n g  very  h igh  temperatures .  

The l a t t e r  a r e  measured wi th  the  o p t i c a l  pyrometer by t.alcing i n t o  account  
t h e  r equ i r ed  c o r r e c t i o n  by t h e  va lue  of t he  emission power i n  t he  i n f r a r e d  spectrum 
(0.655 p,). The l i t e r a t u r e  i n d i c a t e s  0.67 f o r  tan ta lum ca rb ide  ( r e f .  10). The 
a b s o r p t i o n  by t h e  observa t ion  window w a s  es t imated  a s  :?Ov C. 

F igu re  2 1  shows t h e  r e l a t i o n  between t h e  t e s t  t e n p c r a t u r c  and the  break- 
i n g  s t r e n g t h .  The curve passes  through a maximum around 2 ,000O C. Since a . 
s l i g h t  e longa t ion  appears  a t  t h i s  temperature ,  i t  may be ,issumed t h a t  t h i s  
maximum i s  a consequence of t h e  c o r r e c t i o n  by p l a s t i c  deformation of t h e  d e v i c e ' s  
a l ignment  d e f e c t s ,  which are i n e v i t a b l e  i n  s p i t e  of every p o s s i b l e  p recau t ion .  

Subsequently,  t h e  curve begins t o  bend and drops s t e e p l y .  The apparent  
e l a s t i c  l i m i t  i s  given as an  i n d i c a t i o n  because t h e  i n f l e c t i o n  po in t  of t h e  
stress e longat iondiagram i s  d i f f i c u l t  t o  l o c a t e  wi th  accuracy.  It should be 

' n o t e d  t h a t ,  i n  s p i t e  of t h e  weakening of breaking s t r e n g t h  beyond 2,000' Cy 
t h e r e  s t i l l  s u b s i s t  3 hbar a t  3,000' C and even 7 hbar  w h c n  the  load i s  app l i ed  
more r a p i d l y .  
i t  w a s  recorded a t  1.8 hbar but  e longat ion  a t  f r a c t u r e  reaclics 0.5 mm when t h e  
load  i s  app l i ed  a t  t h e  ra te  of 0.025 hbar / sec .  

A t  3,2OO0C, t h e  s t r e n g t h  has  s t i l l  not  beccmic n e g l i g i b l e  s i n c e  

F igure  22 i s  a n  e l e c t r o n i c  microfractogram of a speci.men which broke un- 
d e r  t h e s e  condi t ions .  The f r a c t u r e  . i s  n e a r l y  e n t i r e l y  in1 e q r a n u l a r  and shows 
no ev iden t  mani fes ta t ion-  of p l a s t i c  flow. Comparison w i t h  f i g u r e  23, which 
shows t h e  view of a f r a c t u r e  a t  ambient temperature ,  shows no fundamental  d i f -  
f e r e n c e s .  
used  i n  making t h e  r e p l i c a  i n  f i g u r e  22 ( f r a c t u r e  a t  3,200' C ) ,  which seems t o  
be i n d i c a t i v e  of a c e r t a i n  "loosening" of t h e  g r a i n s .  

We merely f i n d  a l a r g e r  number of f l a k e s  of t h e  v a r n i s h  which was 



Res i s t ance  (hbar) I -x- F r a c t u r e  - Apparent. e l a s t i c  limit 
A Elongat ions  

F igu re  21. Mechanical p r o p e r t i e s  as a fulic t . i c ~ 1 1  

of temperature  of tantalum ca rb ide  wi th  30 jwr- 
c e n t  po ros i ty .  Appl ica t ion  r a t e  0.025 hbclr/scc. 

F i g u r e  22. E l e c t r o n i c  micro- 
f r ac tog ram of t e s t  specimen . 

of  tan ta lum ca rb ide  f r a c -  
t u r e d  a t  3,200’ C. 

F igu re  2 3 .  Microfractogram 
of t e s t  sptsciinen o f  tan-  
t a l u m  ca rb ide  f r a c t u r e d  
a t  20’ C. 

20 



c-dure 24 i s  an ob ique - sec t ion  microgram of t h e  sa in t :  t e s t  specimen. It: 
shows t h e  e x i s t e n c e  of f i s s u r e s  due t o  decohesion pe rpend icu la r  t o  t h e  d i r e c -  
t i o n  of t e n s i l e  stress, which undoubtedly c o n t r i b u t e  t1'0 e l o n g a t i o n  wi thou t  ex- 
p l a i n i n g  i t  e n t i r e l y .  

F igu re  25 shows a microgram of  t h e  specimen a c  a p o i ~ ~ t  2 n m  from t h e  € rac -  
t u r e s .  
f o r  deformation i n  t h e  d i r e c t i o n  of t e n s i l e  s t ress .  

The g r a i n s  a r e  very n e a r l y  e q u i a x i a l  and t h u s  mani fes t  no p re fe rence  

F igu re  26 a l s o  r e l a t e s '  t o  t h e  f r a c t u r e  a t  3,200' C and shoi~s: t h a t  a c e r -  
t a i n  loss  of carbon through v a p o r i z a t i o n  i s  i n e v i t a b l e  a t  this temperature .  
The s u r f a c e  zone i s  s u f f i c i e n t l y  impoverished of t h i s  elenient s o  t h a t  t h e  ra-  
d i n c r y q t A l l n p - a m  d e t e c t s  t h e  presence of t h e  Ta- C-phase. 

L 

To sum up, t h e  t e n s i l e - s t r e s s  t e s t s  a t  very h igh  tc?ni~lcrnt_urc on porous 
t an ta lum c a r b i d e  show p l a s t i c  d e f s r m n t i m  without  makin!: i 1. p o s s i b l e  t o  d e t e r -  
mine t h e  mechanism, probably because r e c r y s t a l l i z a t i o n  c oiistaii t ly r e s t o r e s  t h e  
deformed system. On t h e  o t h e r  hand, they demonstrate  clc!,lrly the e x c e p t i o n a l  
r e s i s t a n c e  of t h i s  ca rb ide  under very s e v e r e  temperatui-c\ coudi  tioiis. 

To b e t t e r  judge t h i s ,  i t  w i l l  be of i n t e r e s t  t o  compare t h i s  r e s i s t a n c e  
w i t h  t h a t  of i d e n t i c a l  g r a p h i t e  specimens t e s t e d  w i t h  t h c  same equipment. 
g r a p h i t e  ("Carbone Lorraine 5890") was s e l e c t e d  because i L  i s  a c t u a l l y  one of 
t h e  b e s t  g rades  of i s o t r o p i c  p o l y c r y s t a l l i n e  g r a p h i t e  avai . lable  on t h e  world 
market.  I t s  c a l c u l a t e d  t o t a l  po ros i ty  i s  about 20 perccnt- and was t h e r e f o r e  
compared w i t h  t h e  fragments of tantalum c a r b i d e  of t h e  sanic p o r o s i t y .  

The 

F i g u r e  2 4 .  Obl ique - sec t ion  
microgram of t e s t  specimen 
of t a n t a l u m  ca rb ide  f r a c -  
t u r e d  a t  3,200' C. 

F igu re  25. Microgram of t e s t  
specimen of t an ta lum c a r b i d e  
f r a c t u r e d  a t  3,200' C a t  a 
p o i n t  2 m i  discant from 
t h e  f r a c t u r e .  

2 1  



Figure  26.  Microgram of tes t  
specimen of tantalum ca rb ide  
f r a c t u r e d  a t  3,200' C-edge 
of specimen. 

F i g u r e  27 shows t h e  r u p t u r e  s t r e n g t h  of t h e  two materials as a f u n c t i o n  
of tempera ture  between 2,000 and 3,200' C. The s u p e r i o r i t y  of tan ta lum car- 
b i d e  i n  t h i s  range i s  obvious. 

, 

F i g u r e  27. Comparison of t e n s i l e  s t r e n g t h  a t  h igh  t-cmpl.rature between 
g r a p h i t e  (Carbone Lorra ine  5890) and s interecl  tantalum c a r b i d e  w i t h  
20 pe rcen t  p o r o s i t y ;  ra te  of a p p l i c a t i o n  0.025 h b a r / s c c .  

22 
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Figure  28. Diagram of s t r a in -de fo rma t ion  at 
3,060' C; r a t e  of a p p l i c a t i o n  0.025 hbar/  
sec. 

F i g u r e  28 compares t h e  s t ra in-deformat ion  diagrams recorded by t h e  /12 
t e n s i l e s t r e n g t h d e v i c e  dur ing  t e s t s  a t  3,060' C where t h e  load w a s  a p p l i e d  a t  
t h e  r a t e  of 0.025 hbar / sec .  Tantalum ca rb ide  i s  not  only s u p e r i o r  i n  break- 
i n g  s t r e n g t h  but  a l s o  i n  r e s i s t a n c e . t o  deformation.  

F igu re  29 con ta ins  t h e  comparison a t  t h e  same temperature ,  b u t  where - 
t h e . l o a d  was app l i ed  twice  as  rap id ly .  The performances of t he  two m a t e r i a l s  
a re  no t  a s  h igh  but  t h e  d i f f e r e n c e  between them i s  maintained.  

F i g u r e  30 shows a comparison a t  2,500' C,  which i s  t h e  temperature  of 
g r a p h i t e  a t  which i t  possesses  maximum mechanical p r o p e r t i e s .  
t an t a lum ca rb ide  has  wi thout  ques t ion  a g r e a t e r  r e s i s t a n c e  t o  t e n s i l e  stress. 

Here a l s o ,  

23 



Load, hbar Load, hbar 

Carbon Graphi te  
a 1 Lorra ine  5890 
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F igure  29.  Diagram of s t r a in -de fo rma t ion  a t  
3,060' C; r a t e  o f '  a p p l i c a t i o n  0.0125 hbar/  
sec. 

hb a r  - .. Load, hbar  

Carbon Graphit  e 
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F i g u r e  30. 
2,500' C; r a t e  of a p p l i c a t i o n  0.025 hbar/  
sec. 

Diagram of s t r a in -de fo rma t ion  u t  
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Conclusion 

Tantalum carb ide  i s  a r e f r a c t o r y  compound w i t n  e x c e p t i o n a l  mechanical 
p r o p e r t i e s  a t  very  h igh  temperatures .  However, i t  possesses  a s e r i o u s  d e f e c t  
which would f r e q u e n t l y  make i t  u s e l e s s  i n  t h e  aerospace f i e l d ,  i . c . ,  s e n s i -  
t i v i t y  t o  thermal shock. 

Techniques of' p repar ing  s i n t e r e d  fragments w i t n  s t ah l s -  p r ~ r o s i t y  and sub-  
sequent impregnation by a metal w i th  s a t i s f a c t o r y  t h e r m 1  ,-crli(lcictivity make i t  
p o s s i b l e  t o  overcome t h i s  handicap by c o n f e r r i n g  on t h e  "rric'cal- ceramic" a n  i n -  
i t i a l  and very  c r e d i t a b l e  r e s i s t a n c e  t o  tnermal  shock. 

However, i t  must be admit ted t h a t  i t s  c o s t  and w e i e l k t  speak a g a i n s r  t h e  
u s e  of t h e  material .  
t h e  many p o s s i b l e  a p p l i c a t i o n s .  However, i n  d i f f i c u l t  cilscs, i . e . ,  problems 
regarded as i n s o l u b l e ,  t h e  d e s i g n e r  would do w e l l  t o  cons ider  i t .  

Thesed i sadvan tageswi l l  n e c e s s a r i l y  liarrow t h e  range of 
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